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Abstract 
 
As a new communication technology with much advantage, OFDM has 
been used in several new high-speed communication systems, and it has been 
applied as the core technology in the fourth generation mobile communication 
system. OFDM system can be fast-rate, high-spectrum-efficiency and can 
weak the effect of multi-path transmission delay. As that it has wide 
application prospects. Meanwhile, because of the multi-path transmission, 
Doppler effect and noises， the wireless communication channel’ properties is 
complex, therefore the accurate estimation of the wireless communication 
channel is the key point to a good final system performance. The enhancement 
of the communication quality depends on the accuracy of the transmission 
property’s estimation of the wireless communication channel. Channel 
estimation has been an important part of OFDM system. Blind estimation and 
semi-blind estimation has been two traditional ways in channel estimation. 
The semi-blind channel estimation works with the pilot information and 
interpolation techniques, however the traditional method can’t meet the 
requirement of new advanced communication system. So the OFDM system 
should apply some new channel estimation technique to enhance the 
performance of itself. As that, in this paper we have discussed the application 
of expectation maximization algorithm in OFDM system. We firstly introduce 
the OFDM system and analyze the characteristics of the wireless channel, then 
research the traditional channel estimation method and apply the EM 
algorithm in OFDM communication system. As simulation results show, 
compared to the traditional channel estimation method, EM channel estimation 
algorithm give much better performance, so it can be a new choice for channel 
estimation in OFDM system. 














                                                 IV 
目  录 
第一章 绪论 ...........................................................................................1 
1．1 移动通信 .................................................................................................. 1 
1.2 第四代移动通信技术.................................................................................. 4 
1.2.1 4G 系统中的关键技术 ....................................................................... 5 
1.2.2  4G 的主要优势................................................................................ 6 
1.3 OFDM 技术 ................................................................................................. 8 
1.3.1 OFDM 的发展历程 ............................................................................ 8 
1.3.2 OFDM 系统中的信道估计 ................................................................11 
1.4 本论文的研究内容安排.............................................................................11 
第二章 OFDM 系统的基本原理.........................................................13 
2.1 OFDM 的基本原理 .................................................................................... 13 
2.2  OFDM 的基本实现过程 ......................................................................... 15 
2.3 OFDM 的 DFT 实现 .................................................................................. 16 
2.4 循环前缀................................................................................................... 18 
2.5 OFDM 信道估计........................................................................................ 19 
2.6  本章小结 ................................................................................................. 19 
第三章 无线信道 .................................................................................20 
3.1 无线信道的容量 ....................................................................................... 20 
3.1.1 离散信道的信道容量 ...................................................................... 21 
3.1.2  连续信道的信道容量 .................................................................... 22 
3.1.3  矢量信道的信道容量 .................................................................... 23 
3.2 无线信道的大尺度衰落............................................................................. 25 
3.2.1 阴影衰落 .......................................................................................... 25 
3.3 无线信道的小尺度衰落............................................................................ 26 
3.3.1 无线信道的时变性及多普勒频移................................................... 27 
3.4  多径信道模型 ......................................................................................... 29 
3.4.1 瑞利（Rayleigh）衰落.................................................................... 30 
3.4.2 莱斯（Ricean）分布 ....................................................................... 30 
3.5 信道的建模 ............................................................................................... 31 
3.5.1 Jakes 模型......................................................................................... 31 
3.5.2 Clarke 信道模型 ............................................................................... 32 
3.6 本章总结................................................................................................... 34 
第四章 OFDM 信道估计 ....................................................................35 
4.1 信道估计算法 ........................................................................................... 35 
4.2 半盲信道估计中的导频............................................................................ 36 
4.3 导频处信道估计 ....................................................................................... 38 














                                                 V 
4.3.2 MMSE 信道估计 .............................................................................. 39 
4.4 数据点处的信道估计................................................................................ 41 
4.4.1 常数内插 ......................................................................................... 41 
4.4.2 线性内插 ......................................................................................... 42 
4.4.3 变换域滤波算法.............................................................................. 42 
4.4.4  GAUSS 插值法.............................................................................. 43 
4.4.5  二维维纳滤波法............................................................................ 44 
4.5 本章小结................................................................................................... 45 
第五章 基于期望最大化（EM）算法的信道估计 ............................ 46 
5.1  EM 算法原理 .......................................................................................... 46 
5.2  基于 EM 算法的 OFDM 信道估计 ......................................................... 47 
5.3 实验仿真................................................................................................... 49 
5.4 本章小结................................................................................................... 53 




























                                                 VI 
Content 
Chapter 1  Preface................................................................................1 
1.1 Mobile communication ............................................................................... 1 
1.2 The forth mobile communication technique .............................................. 4 
1.2.1 Key technique in 4G system................................................................ 5 
1.2.2 The advantages of 4G.......................................................................... 6 
1.3 OFDM ......................................................................................................... 8 
1.3.1 The development of OFDM................................................................. 8 
1.3.2 Channel estimation in OFDM.............................................................11 
1.4 Structure of thesis ......................................................................................11 
Chapter 2  OFDM system..................................................................13 
2.1 Basic principle of OFDM .......................................................................... 13 
2.2 The process of OFDM ............................................................................... 15 
2.3 OFDM's DFT realization .......................................................................... 16 
2.4 Cylix prefix................................................................................................ 18 
2.5 Channel estimation of OFDM .................................................................. 19 
2.6 Chapter summary ..................................................................................... 19 
Chapter 3  Wireless channel .............................................................. 20 
3.1 Capacity of wireless channel..................................................................... 20 
3.1.1 Capacity of discrete channel.............................................................. 21 
3.1.2 Capacity of continuous channel ......................................................... 22 
3.1.3 Capacity of vector channel ................................................................ 23 
3.2 Large-scale fading of wireless channel ..................................................... 25 
3.2.1 Shadow fading .................................................................................. 25 
3.3 Small-scale fading of woreless channel .................................................... 26 
3.3.1 Time-varying of wireless channel ...................................................... 27 
3.4 Model of multi-path channel .................................................................... 28 
3.4.1 Rayleigh fading ................................................................................. 30 
3.4.2 Ricean fading .................................................................................... 30 
3.5 Modeling of channel.................................................................................. 31 
3.5.1 Jakes channel model.......................................................................... 31 
3.5.2 Clarke channel model........................................................................ 32 
3.6 Chapter summary ..................................................................................... 34 
Chapter 4  OFDM channel estiamtion..............................................35 
4.1 Channel estimation algorithm .................................................................. 35 
4.2 Pilot in semi-blind channel estimation ..................................................... 36 
4.3 Channel estimation at pilots ..................................................................... 38 














                                                 VII 
4.3.2 MMSE channel estimation ................................................................ 40 
4.4 Channel estimation at data points............................................................ 41 
4.4.1 Constant internal interpolation........................................................... 41 
4.4.2 Linear internal interpolation .............................................................. 42 
4.4.3 Domain-transform filtering................................................................ 42 
4.4.4  GAUSS interpolation ..................................................................... 43 
4.4.5  2-D Winer filter .............................................................................. 44 
4.5 Chapter summary ..................................................................................... 45 
Chapter 5 Channel estimation with EM algorithm............................ 46 
5.1  Principle of EM algorithm..................................................................... 46 
5.2  Channel estimation with EM algorithm in OFDM ............................... 47 
5.3  Simulation .............................................................................................. 49 
5.4  Chapter summary .................................................................................. 53 
Chapter 6  Summary and prospect ...................................................54 
















第一章  绪论 
                                                 1 









































第一章  绪论 




距离约为 33km.拉开了无线通信研究的序幕。 1901 年他又研究出可用于
较长距离传输无线电波的设备，实现了横跨大西洋——从英格兰到加拿大
之间的无线电波传输。20 世纪 20 年代美国所使用的警用通信系统是最早
期的移动通信系统，到 20 世纪 40 年代出现了公共移动电话系统，但在当
时由于受到微电子技术、传输技术频谱利用率低和设备复杂等条件的限











20 世纪 80 年代末，随着欧洲的全球移动通信系统（GSM）和北美的
窄带码分多址蜂窝移动通信系统（IS-95）的出现，逐渐形成了第二代数






它是由国际电联于 1985 年开始研制的，并且于 1996 年制订了相关标准。
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标准为 WCDMA、CDMA2000 和 TD-SCDMA,其中 TD-SCDMA 是我国自主提出的
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1.2 第四代移动通信技术[4][5][6]  
2010 年 4 月 15 日，准 4G 演示网 TD-LTE 在上海世博园开通。在现场
的实测中，TD-LTE 的最高下载速率峰值可达到 28Mbps,是目前 TD 3G 网络
的 10 倍左右。TD-LTE 是由我国自主研发并投入使用的 3G 标准 TD-SCDMA
的后续演进。目前，TD-LTE 已被国际电联接纳为 4G 候选国际标准之一。
据有关专家表示，我国的 TD-LTE 技术入选全球 4G 的胜算为 70%. 
2010 年 4 月 21 日，在“2010 无线通信应用（国际）研讨会”上，我
国相关管理部门表示，我国 4G 频谱规划正在进行中，并初步确定能够为
4G 分配从 1900MHz 到 2010MHz 共 190M 带宽的频谱资源。 
在国际电联（ITU）为 4G 制定了明确目标之后，全球很多国家都加快
了对 4G 的研究。爱立信联手加利福利亚大学，着手研制第四代移动通信
系统，爱立信公司预计 4G 将会在 2011 年正式投入运营。对于 4G 的研究，




IEEE 于 2002 年底成立了 IEEE802.20 标准化项目并致力于建立一个移
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1.2.1 4G 系统中的关键技术[6][7]  
（1） 正交频分复用技术（OFDM） 
OFDM 作为第四代移动通信系统物理层的核心技术，在 4G 系统中扮演
着重要的角色。而 OFDM 技术正是本文将要研究的重点。 
（2） 软件无线电技术（SDR） 
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等分开。同时，在 4G 通信系统中，将主要采用全分组方式 IPv6 技术。 
 
1.2.2  4G 的主要优势 




   传输速率的显著提高是我们对 4G 系统优越性的最直观的认识。作为目
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    第四代移动通信系统具有很强的兼容性，它能在现有通信的基础上，















3G 所采用的核心技术是码分多址接入技术，而 4G 采用的正交频分
复用（OFDM）技术。与 3G 通信系统相比，4G 通信系统具有更高的频谱利
用率及更好的抗干扰能力。 
（7） 具有更好的功率控制能力 
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